bodies (Warbasse and Johnson, 1950) . The induction by penicillin of a rod-shaped microorganism to form a nearly spherical protoplast was described by Lederberg (1956) . The role of lysozyme in the production of protoplasts has been thoroughlv reviewed by Weibull (1958) . In the case of penicillin action, it appears that the morphological or cytological change results from inhibition of the synthesis of a cell-wall constituent, presumably the mucopel)tide layer (Primosigh et al., 1961) . In the case of lysozyme action, enzymatic degradation of a wall constituent leads to the change in morphology. The wall constituent involved in this case, too, appears to be the innermost of the three layers, i.e., the mucopeptide layer (Primosigh et al., 1961) . Kellenberger (1953) and Kellenberger and Ryter (1955, 1956) have showzn that the nueleoils of cells treated w-ith chloramphenicol or chlortetracycline "undergo a transformation leading to specific vesicuar structure" (Kellenberger, Ryter, and Sechaud, 1958) . It has been suggested by Robinow (1956) that this transformation may be a salt effect induced bv the increase in cell permeability to chloride ions. However, Kellenberger et al. (1958) have shown, by using salt-free growth medium, that the transformation is not purely a salt effect inasmuch as the nucleoids are obtained in the salt-free medium.
The effect of bacteriophage infection (in a sense, an antibiotic action) in altering cell structure has been described by AIudd et al. (1953) and by Kellenberger et al. (1958) . Other than cell destruction itself, the most conspicuous cytological change is a margination of the bacterial chromatin.
Only in the investigations by Kellenberger et al. (1958) of the action of chlortetracycline, chloramphenicol, and bacteriophage have the combined techniques of ultrathin sectioning and electron microscopv been used. In each of these studies, the purpose was more to gain knowledge about the bacterial nucleus than to investigate the cytology of antibiotic action. In the belief that such application might yield added information on the cytology of antibiosis and on cell structure-function relationships in general, it was decided to conduct a series of studies in which various microorganisms would be exl)osed to antibiotics and any changes which might occur in their fine structure would be noted.
Colistin sulfate was selected as an appropriate antibiotic to use because its broad spectrum of action against gram-negative bacteria makes possible the study of a wide variety of microorganisms and because it is al)parently one of the more promising of the present antibiotics. [An excellent discussion of the nature and action of colistin sulfate is available (Schwartz et al., 1960) .] 169 J. BACTERIOL.
MATERIALS AND METHODS
Escherichia coli (ATCC 6883) was used in the two separate series of experiments described in this paper. In the first series, to determine the effect of antibiotic concentration, duration of exposure of the microorganism to the antibiotic, and different embedding media, one loopful of a 24-hr broth culture of the bacteria was added to 6 ml of culture medium in each of several tubes. The culture medium consisted of 0.8% nutrient broth, 1.0% yeast extract, and 1.0% tryptone (all Difeo). After 24 hr at 37 C, an equal volume of the medium containing the desired concentration of colistin sulfate (potency = 652.5 ,ug base/ mg) was added to each culture tube, and the tubes were returned to the incubator for 30, 60, or 120 min. The concentrations of antibiotic used were 1,000 and 6,000 Ag/ml, values which, when changes in cell density were taken into account, were consistent with the minimal inhibitory concentration values given by Schwartz et al. (1960) .
After each desired time interval for exposure of the bacteria to the antibiotic had elapsed, fixation was carried out according to the method of Kellenberger et al. (1958) . The samples were then washed briefly in the buffer, washed 2 hr in 0.5% uranyl acetate, dehydrated by passage through an ethanol series, and embedded in methaerylate or Epon (Luft, 1961) .
In the second series, to confirm the observations of the first series, to determine the effect of a lower concentration of antibiotic, and to try a slightly different embedding medium, the procedures of the first series were repeated, except that antibiotic concentrations of 100 and 6,000 jig/ml were used, the duration of exposure to the antibiotic was 45 min, and the methacrylate was modified by the addition of 0.2% uranyl nitrate (Ward, 1958) to attempt to reduce polymerization damage.
In each series, ultrathin sections were cut with a Porter-Blum ultramicrotome, picked up on collodion-coated no. 2001 (now no. 2213) copper grids (E. F. Fullam, Inc., Schenectady, N.Y.), stained with uranyl acetate (Watson, 1958) , and examined in an RCA EMUIU2-D electron microscope.
RESULTS AND DISCUSSION
In describing the results of the first series of experiments, the methacrylate embeddings will be presented first and in order of increasing antibiotic concentration and time. The Epon embeddings will be presented next. In the second series, the methacrylate embeddings will be presented in order of increasing antibiotic concentration.
Figures 1-4 illustrate, to some extent, the range in the appearance of typical healthy control cells from a first-series methacrylate embedding. It Fig. 5 indicate where this deposited material appears to have a helical structure. Where the material is cut transversely (top of Fig. 7 ), it appears nearly circular, tending to support the possibility of a helical struicture. The arrow in Fig. 7 In each of these figures, one or more aggregates of parallel dense lines may be seen (I). These probably do not correspond to the similar but more extensive arrays described by Hopwood (1959, 1960) and by Hopwood and Glauert (1960) in the cytoplasm of Streptomyces coelicolor, by Glauert, Brieger, and Allen (1961) and Van Iterson (1961) in Bacillus subtilis, and by Moore and Chapman (1959) in a streptomycete. They probably also do not correspond to the mesosomes described by Fitz-James (1960), but more likely represent some kind of lipid inclusion. This is particularly likely in the case of the structure (I) in Fig. 6 .
Figures 8-10 (first series, methacrylate) represent the appearance of cells which had been exposed to a colistin sulfate concentration of 6,000 ,ug/ml for 30 min. The comments made about the preceding group of figures also apply here, with the exception that there is now a definite indication of loss of material from the nuclear areas of the cells. The loss is slight in Fig. 8 andl 9 , but becomes very pronounced in Fig. 10 .
Figures 11 and 12 (first series, methacrylate, 6,000 ,ug/ml for 1 hr) reveal an even more pronounced loss of material from the nuclear areas. It would be reasonable to propose that all of the nuclear material had been lost at this stage of the exposure. The cell wall remains essentially intact.
(The break in the wall in Fig. 12 is considered a preparation artifact.) The cytoplasmic membrane is either indistinguishable (Fig. 12 ), or appears indistinct (Fig. 11 ) but similar to its appearance in the controls. Figure 13 (first series, methacrylate, 6,000 ,g/ml for 2 hr) shows two cells which have been subjected to the maximal concentration of colistin for the maximal time. They show no further loss of material from that revealed in the previous time-concentration combination. Within these experimental limits, it seems that the conspicuous cellular response to exposure to colistin sulfate is loss of the nuclear material and, secondarilx, that there is a homogenization of the cytoplasm an(l loss of granularity.
In the absence of related biochemical data, it is impossible to define the chemical basis of the cytological observations reported here. It might be said, however, that exposure of the cells of E. coli to colistin sulfate for these times and in these concentrations leads to a solubilization of the nuclear material, with subsequent disappearance of the nuclear material from the cell. It is clear, at least, that the nuclear material is no longer demonstrable intracellularly with the routine electron-microscope procedure. Furthermore, as will be reported in the second series of experiments and in the following paper (Chapman, 1962) , transfers of material from antibiotictreated cultures to fresh media resulted in no growth. It Fig. 14 and 16 , but Fig. 15 reveals much less shrinkage. Some cells in the block showed essentially no shrinkage. As in the case of methacrylate embedding, cells from the control could be found in all stages of degeneration. The cell wall, cytoplasmic membrane, cytoplasm, and nuclear areas appear essentially the same as they do in methacrylate embedding. There is, then, no obvious cytological advantage in using one or the other of these embedding media. Methacrylate is, however, somewhat easier to section, and Epon sections result in less contamination of the objective aperture. Figure 17 (first series, Epon, 6,000 ,g/ml, 2 hr) presents the appearance of a treated cell. The loss of nuclear material and homogenization of the cytoplasm are identical to the changes observed in the comparably treated methacrylateembedded cells. This observation allows one to feel somewhat confidently that a true response of the bacterial nucleus and cytoplasm to the antibiotic is being observed and not some misleading reaction between the antibiotic or embedding material and the nucleus and cytoplasm. Figure 18 (second series, methacrylate with 0.2% uranyl nitrate, control) presents, once again, the appearance of a control cell. The AXlthough it is clear to the author that many facets of this work need expansion and clarification, the basic observations seem new and well enough documented to warrant promulgation. This is particularly true in view of the absence of cellular change or slight change observed by Ryter (1960) in her studies of the effect of ultraviolet and X rays on E. coli. It is hoped that othei laboratories, better equipped physically and temporally for coordinated biochemical and cytological observations, will pursue this exciting subject. It is apparent that a vast amount of knowledge about the cytology of bacteriostasis and bactericidal action lies just over the horizon.
